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Abstract	
	
	
  	 
Summary The thesis entitled "Photochemistry and chemistry of organic compounds in solution and in zeolitic environment" has been divided in to three parts. Part I contains chapter I and which describes the introduction of the zeolites and photochemical reactions in zeolites. Part II is divided into two chapters. Chapter II deals with ionic photo-dissociation of arylallyl acetates through charge transfer singlet excited state. Chapter III deals with photoisomerization of arylallyl alcohols. Part III is divided into two chapters. Chapter IV deals with photoisomerization of arylacrylic esters in various solvents and faujasite zeolites. Chapter V deals with stable organic cations were prepared within acidic zeolites. These cations were stable and persistent for several weeks. PART I: Chapter I: This chapter gives a brief introduction of zeolites and photochemical reactions such as Norrish type-II reactions, sigmatropic rearrangements, photocycloaddition reactions, Heavyatom effects in zeolites, singlet oxygen mediated oxidation of alkenes in zeolites, isomerization reactions in zeolites were given and proton transfer reactions within acidic zeolites. Zeolites are porous aluminosilicates. Zeolites are inorganic microporous materials capable of adsorbing small and medium sized organic molecules. Adsorption of organic compounds on zeolites may occur both on the external and internal surfaces of a zeolite crystal. Internal complexation occurs by diffusion of the guest into the channels and cavities within the zeolite and is size and shape selective. While internal surface areas largely exceed external surfaces, zeolite adsorption may occur only if the diameter of the guest is smaller than the diameter of the zeolitic cavities. Complexation of organic molecules with zeolites is strongly dependent on non-bonded interactions and electrostatic forces optimized by size and shape considerations. There are approximately 40 naturally occurring and over 100 synthetic forms of zeolites. The primary building blocks of the zeolites are the (SiO 4)4- and (AlO 4)5- tetrahedral. These tetrahera are linked by all their corners to form channels and cavities of discrete size with no two aluminum atoms sharing the same oxygen. As a result of the difference in charge between (SiO 4)4- and (AlO 4)5- tetrahedral, the total framework charge of an aluminum-containing zeolite is negative and hence must be balanced by a cation, typically an alkali or alkaline earth metal cation. As such zeolites can be represented by the empirical formula M 2/n.Al 2O 3.xSiO 2.yH 2O. Where M is the cation of valence n (typically Na, Ca, Mg etc), and y varies from 0 to ~10. These cations can generally be exchanged by conventional methods. The cations and water molecules present are located in the cages, cavities and channels of the zeolites. Size, number of cations and number of water molecules can significantly alter the properties of the zeolite. The framework geometry of zeolites consists of pores and channels whose size and shape vary widely among different types of zeolites. Zeolites are often classified by their pore size. X and Y (Faujasite) zeolite have a pore containing 12 oxygen atoms and is classified as a large pore zeolite. Zeolite X and Y have the following unit cell composition. X type M 86(AlO 2) 86(SiO 2) 106.264H 2O Y type M 56(AlO 2) 56(SiO 2) 136.253H 2O Where M is a monovalent cation. The faujasite framework has two main structural features. The main supercage is a result of assembly of the basic unit "sodalite cage" while sodalite cages are too small to accommodate organic molecules, the spherical supercages are about 13A0 diameter. Access to the supercages is afforded by four 12-ring windows about 9A0 in diameter. There are four windows tetrahedrally distributed about the center of the supercage. The supercages form a three dimensional network with each supercage connected tetrahedrally to four other supercages through the 12 membered ring window. All supercages are open and are interconnected to four others. A unitcell of X and Y zeolite consists of eight supercages. PART II: Chapter II: This chapter gives a brief introduction on the literature reports on ionic photo-dissociation and ionic photo-dissociation followed by the present results on arylallyl acetates. Substituted arylallyl acetates (Chart 1) 1, 2, 3, 4, and 5 were prepared to study ionic photo-dissociation and photoisomerization process. Ionic photo-dissociation, photochemical E(trans)-Z(cis) isomerization, triplet sensitized isomerization, quantum yield of ionic photo-dissociation, quantum yield of E(trans)-Z(cis) isomerisation and quantum yield of fluorescence like several aspects were carried out. 


Chart 1: Above acetates (1-5, Chart 1) were synthesized from its corresponding esters by using DIBAL-H reduction and followed by acetylating of corresponding alcohols with Ac2O and Triethylamine (Chart 2). All the products were characterized by spectral analysis such as 1H-nmr, 13C-nmr, and mass, HRMS. Chart 2 
Arylallyl acetates 1, 2 and 3 underwent ionic photo-dissociation process along with E(trans) - Z(cis) photo isomerization in polar solvents like acetonitrile and methanol upon direct excitation. Compound 1 did not display ionic photo-dissociation in hexane, whereas compounds 2 and 3 displayed ionic photo-dissociation in hexane, albeit with low yields (Table 1) upon direct excitation. Arylallyl acetates 1, 2 and 3 gave rearranged acetate as the main product originating from the ionic photo-dissociation process in acetonitrile solvent and where as in methanol the methyl ether is the main product (Table 1; Scheme 1). More interestingly the two arylallyl acetates 4 and 5 did not exhibit neither ionic photo-dissociation nor E(trans) - Z(cis) photoisomerization (Table 1; Scheme 2). Table 1: Product distribution upon direct excitation of compounds 1 - 5 ----------------------------------------------------------------------------------------------------------------- Compound Solvent % E % Z Rearranged Methyl ether Acetate ----------------------------------------------------------------------------------------------------------------- 1 Hexane 60 40 ---- ---- Acetonitrile 64 10 26 ---- Methanol 60 05 05 30 2 Hexane 72 26 02 ---- Acetonitrile 51 18 31 ---- Methanol 57 02 05 36 3 Hexane 65 32 03 ---- Acetonitrile 61 14 25 ---- Methanol 05 ---- 15 80 4 Hexane 100 ---- ---- ---- Acetonitrile 100 ---- ---- ---- 5 Hexane 100 ---- ---- ---- Acetonitrile 100 ---- ---- ---- ----------------------------------------------------------------------------------------------------------------- Nitrogen bubbled 0.001 M solutions were irradiated using Rayonet reactor for 1 - 3 irradiation was at ~300 nm, for 30 min; for 4 - 5, 350 nm irradiation, for 30 min; Analysis by GC/HPLC/1H-nmr Scheme 1 Scheme 2 
Table 2: Product distribution upon triplet-sensitized reactions -------------------------------------------------------------------------------------------------------- Compound Sensitizer E T(kcal) `%E %Z --------------------------------------------------------------------------------------------------------- 1 Fluorenone 50 52 48 2 Fluorenone 50 60 40 4 Eosin 42 100 00 Rose Bengal 39 100 00 5 Eosin 42 100 00 Rose Bengal 39 100 00 ----------------------------------------------------------------------------------------------------------- 0.001M Nitrogen bubbled methanolic solutions containing 0.01M sensitizer were used for irradiation; >400 nm irradiation for 1 and 2; >500 nm irradiation for 4 and 5. Infact, triplet sensitization did not effect ionic photo-dissociation process in 1 and 2 but E(trans)-Z(cis) isomerization is in operation. The other two arylallyl acetates 4 and 5 were found to be totally non reactive towards (Table 2) triplet sensitization. Triplet sensitization studies indicate that, it is the singlet-excited state responsible for ionic photo-dissociation process observed. The quantum yields were determined for the product formation of rearranged acetate, methyl ether and Z(cis) isomers for 1, 2 and 3 in methanol and acetonitrile solvents (Table 3). These studies indicate that the ionic photo-dissociation process leading to the formation of rearranged acetate and methyl ether is very efficient compare to the quantum yield of Z(cis) isomer formation (Table 3) in all the three compounds 1, 2 and 3. Table 3: Quantum yield data for 1, 2 and 3 in methanol and acetonitrile solvents -------------------------------------------------------------------------------------------------- Solvent Compound Rearranged Methyl ether Z Acetate -------------------------------------------------------------------------------------------------- 1 0.09 0.25 0.01 Methanol 2 0.06 0.49 0.01 3 0.08 0.42 ----- 1 0.32 ----- 0.06 Acetonitrile 2 0.43 ----- 0.02 3 0.52 ----- 0.05 -------------------------------------------------------------------------------------------------- Nitrogen bubbled 0.003M solutions were irradiated; the 300-350 nm band line of an Hg lamp was isolated using solution filters; potassium ferrioxalate was used for counting photons 
Absorption and fluorescence studies were carried out to understand the nature of the singlet excited state involved in the ionic photo-dissociation process observed. UV-Visible absorption, fluorescence and quantum yield of fluorescence data generated for all the compounds (1 to 5) are arranged in Table 4. There is not much change in the shape of the fluorescence spectrum of a compound upon changing the solvent polarity. But there is a noticeable change in the quantum yield of fluorescence for 1, 2 and 3 upon changing the solvent polarity. There is not much change in the quantum yield of fluorescence for compounds 4, and 5 upon changing the solvent polarity. The quantum yield of fluorescence is very high for 5 (>90%) and high for 4 (>45%). The high quantum yield of fluorescence informs that the fluorescence is the main deactivating pathway for 5 and 4. The two-arylallyl acetates 4 and 5 did not yield any methylether or rearranged acetate products upon direct excitation (Scheme 2 and Table 1) 



Table 4: Absorption and fluorescence data for 1-5 in various solvents ------------------------------------------------------------------------------------------------ Compound Solvent ? abs ? fluo ? fluo ------------------------------------------------------------------------------------------------ 1 Hexane 295 350(s), 362, 380(s) 0.20 Benzene 298 350(s), 362, 380(s) 0.26 CH 2Cl 2 296 350(s), 362, 380(s) 0.15 Acetonitrile 296 350(s), 362, 380(s) 0.02 Methanol 295 350(s), 362, 380(s) 0.03 2 Hexane 300 354(s), 366, 384(s) 0.37 Benzene 300 354(s), 366, 384(s) 0.20 CH 2Cl 2 300 354(s), 366, 384(s) 0.12 Acetonitrile 300 354(s), 366, 384(s) 0.03 Methanol 304 354(s), 366, 384(s) 0.04 3 Hexane 310 394(s), 406, 420(s) 0.28 Benzene 312 394(s), 406, 420(s) 0.24 CH 2Cl 2 312 396(s), 406, 420(s) 0.25 Acetonitrile 312 396(s), 406, 420(s) 0.04 Methanol 312 396(s), 406, 420(s) 0.05 4 Benzene 366 392,420,440(s) 0.47 CH 2Cl 2 366 392,420,440(s) 0.57 Acetonitrile 368 392,420,440(s) 0.48 Methanol 368 392,420,440(s) 0.43 5 Hexane 366 428 0.94 Methanol 366 428 0.96 ------------------------------------------------------------------------------------------------- Nitrogen bubbled 0.00001M solutions were used for measuring the fluorescence at room temperature; quantum yields of fluorescence were determined using 9,10-diphenylanthracene (? fluo=0.9) as standard; experimental error is ?10.0% 
The two aryl allyl acetates 4 and 5 did not exhibit neither ionic photo-dissociation process nor photoisomerization. Interestingly the fluorescence quantum yields for 5 (>0.9) and 4 (>0.45) are very high indicating that the excited state deactivation process is only luminescence in the case of 5 and in the case of 4 it is fluorescence and may be fast internal conversion. The another reason may be, the excited state energy involved in these aryl allyl acetates 4 and 5 may not be sufficient to cleave the carbon-heteroatom sigma bond leading to ionic photo-dissociation process. The mechanism proposed is depicted in Scheme 3. Light absorption by the substrate leads to population of singlet excited state which can show fluorescence, E(trans)-Z(cis) isomerization and it can be transformed in to a highly polarized or charge transfer excited state. The formations of highly polarized singlet excited state are supported by the polar solvent effect observed on the product (Table 1 and Scheme 1,2) formation and also decrease in the quantum yield of fluorescence (Table 4) of these compounds in polar solvents. Further theoretical studies carried out earlier also support the proposal of highly polarized singlet excited state. Thus formed highly polarized singlet excited state undergoes carbon-hetero atom sigma bond cleavage leading to ionic photo-dissociation process, resulting in carbocation and acetate anion. The carbocation formed is a highly resonance stabilized system. The internal attack of acetate anion on the resonance stabilized cation leads to the formation of rearranged acetate in acetonitrile solvent where as the same resonance stabilized cation reacts with polar hydroxylic solvent methanol leading to methyl ether formation. The singlet excited state proposed in the mechanism can undergo intersystem crossing to a triplet excited state and this triplet excited state can exhibit E(trans) - Z(cis) isomerization. 
Scheme 3: 

PART III Chapter IV: A brief introduction giving the literature survey on photochemical isomerization in zeolites and followed by results and discussion on arylacrylic esters prepared to study charge transfer singlet excited state behavior by fluorescence is discussed. Substituted esters (Chart 3) were synthesized to study the trans(E)? cis(Z) photoisomerization process. Our present efforts in understanding the photochemical E-Z isomerization via the singlet excited state leads us now to report our results on substituted 1-naphthylacrylates. Substituted 1-naphthylacrylates that do not exhibit rotamerism have been synthesized to study photochemical E-Z isomerization. The prepared 1-naphthylacrylates in these investigations undergo E-Z isomerization predominately from the singlet-excited state. The polar nature of the singlet excited state of these 1-naphthylacrylates is indicated based on the fluorescence spectrum observed for these 1-naphthylacrylates is explained using the two-state model. The photoisomerization process has been conducted in various solvents such as Methanol, Acetonitrile, Hexane, Dichloromethane?etc. and conducted the same isomerization in faujasite zeolites also. Isomerization of above esters (Chart 3) in faujasite zeolites was conducted using hexane solvent. Chart 3: 

Above (Chart 3) esters were prepared from the corresponding aldehydes by using Horner-Wordsworth-Emmons reaction (Chart 2). All the products were characterized by spectral analysis such as, 1H-nmr 13C-nmr, Mass, IR, C-H analysis, UV and fluorescence. Photoisomerization was carried out for 3-aryl acrylates in various solvents and the isomer composition was determined using HPLC and 1H-nmr. In the direct irradiation of 7-10 compounds E(trans) to Z(cis) isomerization is the major pathway. The above results reveals that upon direct excitation of 7-10 compounds in various solvents produce predominately "cis' isomers (Table 5). Direct excitation populates singlet-excited state and hence the singlet may be the reactive excited state involving trans to cis isomerization. These results indicate that trans to cis isomerization is the dominate pathway from the singlet excited state. 

Table 5: Photostationary state compositions of 7, 8, 9 and 10 at various solvents upon direct excitation COMPOUND SOLVENT %Z (CIS) %E (TRANS) 7 Hexane Benzene DCM Dioxane THF Acetonitrile Methanol 80 80 79 78 80 80 80 20 20 21 22 20 20 20 8 Hexane Benzene DCM Dioxane THF Acetonitrile Methanol 70 67 70 68 70 72 73 30 33 30 32 30 28 27 9 Hexane Benzene DCM Dioxane THF Acetonitrile Methanol 68 73 77 77 79 85 87 32 27 23 23 21 15 13 10 Hexane Benzene DCM THF Acetonitrile Methanol 16 22 26 28 32 31 84 78 74 72 68 69 









































0.001M Nitrogen bubbled Solutions were irradiated for 15 min. A 450W Hg arc lamp was used. E and Z isomers were analyzed by HPLC. UV-Visible adsorption and fluorescence studies were carried out to understand the nature of the singlet-excited state. UV-Visible adsorption is broad and structureless for all these compounds. Adsorption maxima are relatively unaffected by the change in polarity of solvent in 7, 8 and 10, where as in the case of 9 red shift is observed (Table 6). Fluorescence studies conducted on these compounds are more interesting. For compound 7 and 8 in non-polar solvents like hexane the fluorescence is structured where as for the same compounds in polar solvents like acetonitrile the fluorescence emission is Table 6: Absorption and fluorescence data for compounds 7, 8, 9 and 10 Compound No. Solvent labs (nm) lfluo (nm) 7 Hexane THF DCM Acetonitrile 311 314 315 315 355,374,394,410 395,407(s) 398 420 8 Hexane THF DCM Acetonitrile 320 325 326 325 365,385,406 412 416 420 9 Hexane THF DCM Acetonitrile 331 340 344 346 406 416 420 425 10 Hexane Acetonitrile 365 368 408 440 
broad and the fluorescence is slightly red shifted (Table 6). The solvent induced red shift in the fluorescence emission maxima is more in the case of 9 and 10. The broad adsorption spectrum in the ground state gives rise to structured emission in non-polar solvents and broad emission in polar solvent for compound 7 and 8 is definitely indicative that molecule is undergoing structural changes in excited singlet surface and further the structural changes are sensitive to polar environment. The clear solvent polarity induced red shift in fluorescence maxima in the case of 9 is a definite indicative of the involvement of intramolecular charge transfer excited state. One can predict that the magnitude of the charge transfer character of the singlet-excited state in 

Table 7: Isomerization of zeolite-encapsulated esters Compound Zeolite Wavelength (nm) Cis Trans 7 NaX 400nm 87 13 7 NaX 350nm 86 14 7 NaX 300nm 80 20 7 NaY 400nm 90 10 7 NaY 350nm 79 21 7 NaY 300nm 89 11 8 NaX 400nm 70 30 8 NaX 350nm 67 33 8 NaX 300nm 73 27 8 NaY 400nm 77 23 8 NaY 350nm 72 28 8 NaY 300nm 74 26 9 NaX 400nm 68 32 9 NaX 350nm 64 36 9 NaX 300nm 67 33 9 NaY 400nm 81 19 9 NaY 350nm 67 33 9 NaY 300nm 70 30 10 NaX 400nm 02 98 10 NaX 350nm 10 90 10 NaX 300nm 16 84 10 NaY 400nm 04 96 10 NaY 350nm 12 88 10 NaY 300nm 20 80 
the case of 7 and 8 is relatively less compared to 9 based on the solvent polarity effect on the fluorescence emission maxima. Photoisomerization of naphthyl acrylates was carried out in faujasite zeolites (Scheme 5). Complex (compound encapsulated zeolite) was irradiated with various type of wavelengths such as 300nm, 350nm and 400nm; cis and trans isomers (Table 7) were products. The fluorescence spectrum of complex (compound encapsulated zeolite) shows two emission maxima and these are 430 and 470nm. These two emission maxima (Table 8) indicate that the compound has two singlet-excited states that are may be locally excited (LE) and charge transfer (CT) states. These fluorescence studies (Table 8) carried out in zeolite environment also conformed, the mechanism proposed in scheme 4. Table 8: Fluorescence data of zeolite-encapsulated esters 
Compound Zeolite lex (nm) lfluo (nm) --------------------------------------------------------------------------------------------------- 7 NaX 320 432, 472 7 NaY 320 428, 472 8 NaX 320 432, 472 8 NaY 320 428, 472 9 NaX 340 476 9 NaY 340 432, 472 4mg of the compound was encapsulated in 300mg of the zeolite 
The proposed mechanism of photochemical trans to cis isomerization for these naphthyl derivatives is depicted below (Scheme 4). Scheme 4: 

Chapter V: Stable organic cations prepared within the zeolite Zeolite encapsulated dyes have unique properties and tremendous curiosity for basic fundamental research. Inclusion complexes formed between dye molecules and zeolites have possible applications like; diffusion stable coloring purposes, optical data storage/data processing and also in non-linear optics. From the fundamental research point of view it is interesting to study and understand the influence of host (zeolites) on the guest (dye/cation/radical-ion) molecule and also location of these molecules within the zeolite cage. Substituted benzylic alcohols (chart 3) and substituted stilbenes were prepared to look in to stable carbocations in zeolytic environment. The color generated by complexation of organic molecule and zeolite may be due to formation of cation within the zeolite cage. The chemistry originating out of the cation formation within the zeolite has been determined. Chart 4: Above alcohols (Chart 4,11-14) were prepared from its corresponding ketones by using NaBH 4 reduction (Scheme 6). Alcohols (17-18) were prepared from its corresponding chalcones reacted with methyl magnesium iodide (Scheme 6). All the products were characterized by spectral analysis such as 1H-nmr and Mass. Scheme 6: All above alcohols (Chart 4) are mixed with HY, H-ZSM5, and CaY zeolites to generate highly colored materials that result from initial protonation and condensation (through electrophilic substitution) to generate persistent cations (Scheme 7, Table 9). These dyes are stable for several weeks under laboratory conditions. Scheme 7: Photoisomerization of naphthyl acrylates was carried out in faujasite zeolites (Scheme 5). Complex (compound encapsulated zeolite) was irradiated with various type of wavelengths such as 300nm, 350nm and 400nm; cis and trans isomers (Table 7) were products. The fluorescence spectrum of complex (compound encapsulated zeolite) shows two emission maxima and these are 430 and 470nm. These two emission maxima (Table 8) indicate that the compound has two singlet-excited states that are may be locally excited (LE) and charge transfer (CT) states. These fluorescence studies (Table 8) carried out in zeolite environment also conformed, the mechanism proposed in scheme 4. Table 9: Colors and product distribution of cation encapsulated dyes --------------------------------------------------------------------------------------------------- Compound Zeolite Color Products 19 24 25 27 28 11 HY Pink 13.2 48.6 27.5 -- 10.7 12 HY Light yellow 42 13.8 37.7 -- 6.5 15 HY Pink -- -- 50 35 15 16 HY Yellow -- -- 83 7 10 17 HY Pink -- -- -- 64 36 18 HY Thick yellow -- -- -- 37.5 62.5 11 CaY Light pink 19 8 73 -- -- 12 CaY Pale purple 18 59 23 -- -- 15 CaY Light yellow -- -- 55 21 24 16 CaY Light orange -- -- 61 28 11 17 CaY Pink -- -- -- 54 46 18 CaY Purple -- -- -- 81 11 11 H-ZSM5 Light yellow -- 46 31 -- 23 12 H-ZSM5 Light rose -- 37 45 -- 18 15 H-ZSM5 Ash -- -- 44 26 30 16 H-ZSM5 Blue -- -- 72 -- 28 17 H-ZSM5 Thick orange -- -- 56 -- 44 18 H-ZSM5 Light orange -- -- -- 77 16 ------------------------------------------------------------------------------------------------- Compounds encapsulated in the zeolite, extracted, products were analyzed by GC and GC-MS Incorporation of above alcohols (Chart 4) into the acidic environment of H+ exchanged zeolites would lead to the dehydration and protonation of alkene bond of the b-carbon to generate the phenyl ethyl cation (22). This cation (22) undergoes a rapid dimerization reaction with the b-carbon of the alkene (19) bond to yield the 1,3 diphenyl but-1-ylium cation (23). Once this cation is formed within the zeolite, it can undergo a hydride transfer from the linear dimer, resulting in equimolar formation of the allylic cation (26) and 1,3-diphenyl butane. The initially formed carbocation (23) in large pore zeolite to undergo the cyclization reaction, which yields an unstable cyclohexadienyl cation and is thought to undergo a rapid deprotonation to yield the neutral indane. This reaction mechanism is also supported by the observation of the indanic dimer in the reaction mixture. We observed the thermally stable carbocation (26) within the strongly acidic and polar environment of the acid zeolite. Scheme 8: 






